We aimed to analyze factors related to human immunodeficiency virus (HIV) infection among 15 to 25-year-old rural unmarried Yi adolescents in Liangshan Yi Autonomous Prefecture from 2011 to 2016, and to investigate the relationship among the HIV-related risk factors.
Introduction
Liangshan Yi Autonomous Prefecture is located in southwest China and had a population of 4.97 million people in 2013, of which 50.7% (2.52 million) were Yi ethnicity, making it the largest Yi population in China. From 2011 to 2013, 88.07% of new HIV (uman immunodeficiency virus) infections were in the Yi population. [1, 2] As one of the most serious AIDS (acquired immune deficiency syndrome) epidemic areas in China, the first HIV-positive case was reported among injection drug users (IDU) in 1995. Since then, Liangshan has become one of the most severely HIV-affected epidemic regions in China. [1, 3] Up to December 2015, a total of 29,987 HIV/AIDS cases had been reported, and the HIV epidemic had spread throughout Liangshan's 17 districts. [2] The region is located along the drug trafficking routes from the "Golden Triangle" to northwest and central China with injected drug use (IDU) know to be the main HIV diffusion pathway. [4] [5] [6] HIV disproportionately affects young people worldwide, and it is more likely to affect youths in developing and undeveloped countries. [7] [8] [9] It was estimated that approximately 5 million youths were living with HIV in 2009, with new infections accounting for approximately 40% (0.89 million) of HIV infections in youths globally. [10] Each year, in a resource-limited setting, approximately 0.9 million new HIV infections occur among adolescents, representing 40% of new infections worldwide. [11] Although HIV prevalence has worldwide variation, adolescents have the highest risk of HIV infection compared to all other age groups. [12] In recent decades, the number of new HIV infections among youths has increased both in China and also in the Liangshan prefecture. [10, 13] Adolescence is described as a period of momentous social, psychological, economical, and biological transitions, [8] during which adult supervision decreases while young people still have limited knowledge, economic dependence, self-confidence, and life skills. This can lead to engagement in risk behaviors, such as drug use, multiple partners, and unprotected sexual activities. [14] These behaviors may contribute to the risk of HIV infection, thus, youths are more vulnerable to HIV exposure and infection. HIV sentinel surveillance (HSS) is an important strategy for monitoring the HIV epidemic. To understand the epidemic of HIV/AIDS in this age group, HSS for rural unmarried young people has been conducted in Liangshan Prefecture since 2011. We previously observed that the incidence of HIV in Yi young people was much higher than Han or other ethnic groups, [15] suggesting that Yi adolescents are at higher risk of HIV infection.
In this study, we performed HSS for rural unmarried adolescents at 3 sites (Zhaojue, Ganluo, and Butuo) with a majority-Yi population in Liangshan Prefecture. Understanding HIV infection related factors among Yi adolescents in this area is critical in the development of HIV prevention policies and strategies. Therefore, we aimed to analyze factors related to HIV infection and the relationship between these factors among 15 to 25-year-old rural unmarried Yi adolescents in Liangshan Yi Autonomous Prefecture from 2011 to 2016.
Materials and methods

Ethics
All subjects volunteered to participate in the study and signed informed consents before enrollment. This study was approved by the ethics committee of Liangshan Yi Autonomous Prefecture for Disease Control and Prevention (CDC), and the study was carried out in accordance with the Helsinki Declaration of 1964.
HSS site selection
HSS sites in Liangshan Prefecture were selected to be representative of the prefecture's HIV epidemic, based on data analysis by the Chinese CDC and the Sichuan CDC. [16] Multistage stratified random sampling was performed to acquire the study sample. We selected 3 counties (Zhaojue, Ganluo, and Butuo) with a majority-Yi population, which showed the highest HIV infection rates in Liangshan Prefecture. First, all towns in each of the selected counties were classified according to 3 levels by HIV/ AIDS prevalence (mild, medium, or severe level). One town was randomly selected among towns with mild and severe levels, and 2 towns were randomly selected among those with medium levels. Four towns were selected in each surveillance county. Second, 2 villages were randomly selected from each selected town, and approximately 50 unmarried Yi adolescents aged 15 to 25 years old were randomly enrolled in each village. In total, 6311 unmarried Yi adolescents were enrolled in this study from 2011 to 2016 (there were 972, 1057, 1045, 944, 1166, and 1127 participants from 2011 to 2016, respectively).
Questionnaire
The questionnaire was accompanied by an introduction of the study purpose. It was designed by Sichuan CDC and Liangshan CDC. The questionnaire provided to study participants was 2 pages long and included demographic characteristics, knowledge of HIV prevention, attitude toward premarital sexual behaviors, and behavioral characteristics. The demographic characteristics collected were age, ethnicity, and education level. Knowledge of HIV prevention was assessed via 8 items, each expressed with a 2-point Likert scale of 0 (no) to 1 (yes). A total score greater than 5 was considered to indicate awareness of HIV prevention; otherwise, the respondent was considered unaware of effective HIV prevention principles. Behavioral characteristics included drug use, IDU, sexual behaviors, casual sexual behaviors in the past year, and history of out-migrating for work.
The questionnaire was administered through face-to-face interviews by trained investigators and was anonymous.
HIV testing
Before the interview, each subject was asked to provide 3 to 5 mL of venous blood for HIV testing. Specimens were tested for HIV at the Liangshan Prefecture CDC. Enzyme-linked immunosorbent assay (ELISA) was used to screen specimens and Western blotting was used for the presence of HIV antibodies. Negative ELISA results indicated no HIV infection, while those with positive results were re-tested for HIV antibodies using Western blot. If the second test for HIV was positive, the serum was confirmed as positive for HIV antibody. If negative, the serum was regarded as negative for HIV antibody.
Statistical analysis
EpiData (Version 3.1) database was used for data input. All data analyses were performed using Statistical package for the social sciences (SPSS) version 21.0 for Windows (SPSS, Inc, Chicago, IL). Significance level of 0.05 was used for all statistical tests. Categorical variables were expressed as frequencies and percentages. Categorical variables were compared between the 2 investigated groups using the Pearson chi-square (x 2 ) or Fisher's exact test. Prevalence was calculated using the number of HIV-positive respondents as the numerator and the total number of respondents as the denominator, presented with 95% confidence intervals (CIs). A multivariate logistic regression model was used to evaluate the relationship between demographic and behavioral characteristics and the overall risk of HIV infection over the period from 2011 to 2016. The results were expressed as odds ratios (ORs) and 95% CIs.
Based on the logistic regression analysis, multiple correspondence analysis (MCA) was used to investigate the correlation between risk factors for HIV infection. MCA is a graphical method designed for descriptive analysis of large matrices of categorical data, and enables the identification of relationships between a large number of variables simultaneously. [17] [18] [19] [20] MCA maps variables as points on a low-dimensional graph, commonly the first 2 dimensions of variation are plotted to display. [17, 18, 20] Two main applicable conditions were used for the good fit of the MCA model: 1) the cumulative contribution rates of the first 2 factors were more than 75%; [21, 22] 2) there is a connection between row and column variables. [19, 20] Based on the results of the logistic regression analysis and expertise, we explored the cumulative contribution rate of the first 2 common factors by grouping variable combinations and selecting variables. An applicability test was performed using the chi-square test to improve the interpretability of results. The position and distances of all kinds of scatter in the correspondence analysis charts reflects the interrelationship among factors. The closer the points are on the plot, the more correlated the relationship is. [17, 18, 20, 23] 
Results
From 2011 to 2016, the HIV infection rate was 4.18% (264/ 6311) among unmarried Yi adolescents. The prevalence of HIV infection was higher in males (4.96%) than in females (2.99%) Pei et al. Medicine (2018) 97: 36 Medicine (x 2 = 14.621, P < .001) ( Table 1 ). There were significant differences in the HIV infection rates in terms of age, educational level, history of out-migrating for work, sexual attitudes, ever having sexual behaviors, casual sexual behaviors in the past year, drug use, and IDU (P < .05). However, no statistically significant difference was found in terms of the knowledge of HIV-related prevention between HIV infections and non-HIV infections (P > .05).
Multivariate logistic regression analysis showed that, among rural unmarried Yi adolescents, significantly higher HIV risk was observed with males (OR = 1.56, 95% CI = 1.17-2.08), illiteracy (OR = 2.70, 95% CI = 1.79-4.08), primary school education or below (OR = 1.62, 95% CI = 1.12-2.36), history of out-migrating for work (OR = 1.58, 95% CI = 1.18-2.13), and IDU (OR = 6.42, 95% CI = 3.06-13.46) ( Table 2 ). Compared to rural unmarried Yi adolescents in the 23 to 25-year-old age group, the 17 to 18-year-old age group (OR = 0.52, 95% CI = 0.34-0.81) and 19 to 20 year-old age group (OR = 0.61, 95% CI = 0.43-0.88) had a lower risk of HIV infection.
Based on the multivariate logistic regression analysis and expertise, 5 variables (HIV infection, history of out-migrating for work, ever having sexual behaviors, IDU, and age) were selected for the MCA. The correlation analysis indicated that all selected factors were strongly correlation with each other (Table 3) .
We observed that the contribution rates of the first and second dimension were 48.7% and 38.5%, respectively, with a cumulative contribution rate of 87.2%, and the MCA fitted well. The MCA results are displayed in Figure 1 . We observed a close relationship among IDU, ever having sexual behaviors, history of out-migrating for work, 23 to 25 years old and HIV positivity, while a moderate correlation was found among those without a history of out-migrating for work and IDU, having no sexual behaviors, 15 to 18 years old and HIV negativity.
Discussion
This study found that HIV prevalence of 15 to 25-year-old rural unmarried Yi adolescents in Liangshan Yi Autonomous Prefecture from 2011 to 2016 was 4.18%, much higher than the national HIV infection rate of 0.037% (501,000/1,367,820) in 2014, [24] 0.17% in Sichuan Province, [25] and 0.54% to 0.56% in Liangshan prefecture in 2012. [26] The Yi people, with a population of approximately 8 million, live primarily in rural areas (usually in mountainous regions) and most often in the poorest rural areas. [27] AIDS, which has been described as a "disease of poverty," is not a result of poverty itself, but is related to economic, culture, and gender inequality as factors affecting behavior, that have potential implications for the spread of HIV.
[28] Table 1 The characteristics of the HIV in 15 to 25-year-old rural unmarried Yi adolescents.
Variables
HIV positive (n = 264) HIV negative (n = 6047) X We found that history of out-migrating for work was strongly associated with a HIV positive result, which indicates that outmigrating for work is a high risk factor for HIV infection in this population. In order to improve their living conditions and income, an increasing number of Yi people, especially young people, leave the mountainous regions for work. [29] In our analysis, 32.69% of adolescents had experience of migrant work. These migrant workers may work far from home, away from restraints exerted by their parents, and often travel from place to place with constant changes in living conditions, which may increase risky sexual activities, such as having multiple casual sexual partners, engaging in sex with commercial sex workers, and drug use. [30, 31] Meanwhile, the educational level of Yi people is generally low, and we found that illiteracy rates reached 17.60% among the rural unmarried Yi adolescents. A lower level of education may be associated with poor HIV-related knowledge and low self-perceived risk, and might be related to the increasing HIV prevalence among young people. [10] Due to low education and lack of skills, these migrant youths are marginalized in society, culture, and the economy, and they are vulnerable to engage in risk behaviors for HIV infection. [32, 33] Ever having sexual behaviors was most closely associated with HIV-positive and out-migrating for work. We observed that 44.65% of respondents had had sex before, and that 42.12% of which happened their first sexual behavior when aged younger than 18 years old, and the minimum age was only 10 years old. These results demonstrate that premarital sex was common among Liangshan rural unmarried Yi adolescents, which was Table 2 Multivariate logistic regression analysis of factors associated with HIV positivity in rural unmarried Yi adolescents. 95% CI = 95% confidence interval, IDU = injected drug use, OR = odds ratio. Table 3 The correlation analysis of research variables. [34, 35] Although multivariable logistic regression results did not find a significant association between sexual behavior (OR = 1.21, 95% CI = 0.85-1.72) with the risk of HIV infection, the MCA showed that HIVpositive was strongly associated with sexual behavior. The main reason for this is that MCA can present the relationship of multiple variables simultaneously and discover underlying factors. [20, 22] Our previous study found that the HIV epidemic has gradually changed, with a shift in high-risk behaviors from IDU to heterosexual behaviors among youths aged between 15 and 24 years, with approximately 68.4% of new HIV infections spread through unsafe sexual behaviors in 2014. [13] These results indicated that sexual behaviors play a critical role in HIV infection in this area, and 4 factors in the Yi population contributing to high risk behaviors of HIV infection and unsafe sexual contact have been identified. First, almost all Yi people maintain traditional social norms and values, such as levirate marriage, which results in HIV transmission from an infected widow her to brother in law. [36, 37] Second, Yi people are tolerant of casual and multiple sexual behaviors for unmarried adolescents and males, which occurs in the context of their social activities such as "Ganchang," and is therefore part of the Yi lifestyle. [38] Previous studies have estimated that the proportion of concurrent sexual partnerships of Yi people were higher than some parts of sub-Saharan Africa. [38, 39] Third, Yi people have shown negative attitudes toward condoms, since condoms were considered as a means of birth control and distrust. Fourth, the tradition of "son preference" widely exists in Yi people, and HIV-infected husbands do not use a condom during intercourse within marriage because they wish to have a son, a practice that can spread HIV infection within the family. [40] Therefore, these cultures and traditions contribute to the spread of HIV infection through sexual behaviors in this ethnic group.
With a combination of MCA and Logistics regression analyses, we found that IDU (OR = 6.44, 95% CI = 3.07-2.11) had a profound impact on HIV infection among the rural unmarried Yi adolescents. The following 3 factors could explain the close association between IDU and HIV infection in this area: Liangshan is located on a major drug trafficking route [4] and has a long history of opium cultivation and opium/heroin trade; [41] the "sharing" of Yi people's traditional culture makes them more likely to share syringes when IDU; [29] they are unaware of the importance of needle exchange due to lacking education and health knowledge. Therefore, IDU is still serious among Yi adolescents in this area.
MCA results showed a strong relationship between the 23 and 25-year-old group and HIV infection. The older adolescents are entering society and demanding more money and higher social status, and they are inclined engage in high risk behaviors, such as drug trafficking, and casual and commercial sexual behaviors. [8, 42] Wang et al [32] showed that the rate of sexual risk behaviors among unmarried people increased significantly with age. We also found that older age adolescents were closely correlated with out-migrating for work than younger ages, and out-migrating may increase their HIV-related risk behaviors as described above.
There are 2 strengths that should be mentioned in our study. First, it is the first time the interrelationship between factors related to HIV infection among the Yi adolescents in poor areas has been investigated. Second, a combination of logistic regression analysis and MCA allows for the visual display of the correlation among multiple variables, and can reveal potential factors.
The study had one limitation that should be considered. All variables were self-reported, and it was difficult to obtain answers to many sensitive questions by face-to-face investigation, such as those relating to sexual behavior and drug use. The sexual tradition of Yi people is "can do but cannot say," and thus the real situation of their sexual behaviors may be underestimated.
Conclusions
HIV infection among 15 to 25-year-old rural unmarried Yi adolescents in Liangshan Prefecture is severe, and risk factors that have a strong association with HIV infection include being aged 23 to 25 years old, IDU, history of out-migrating for work, and ever having sexual behaviors. MCA and logistic regression analysis can be used to evaluate the internal relationships among factors related to HIV infection. It is necessary to develop policies to alleviate poverty, improve education level, and change traditions regarding sexual behaviors, so as to decrease the transmission of HIV in this area.
